od

gigdodogggooooooooooon
goodoogooood

o o o of o o o ot o o o ot

t00000o00O0O0O0O000 OoOooooo

gooboonb0 ooooooooobobobobDgoooDooooooDoobOooUboboobOoo
gooobobobooboobooooobobobobOobooooobobobobobOoboobooo
ooopoooooooooooo0ooo0ooO00bOO000oOO000bOO0000O0000000O
gooobobobooooooooobobobUobDobDooDooboobOobOobobDobDoooo
ooopoooooooooooo0ooo0ooO00bOO000oOO000bOO0000O0000000O
gooobobobooooooooobobobUobDobDooDooboobOobOobobDobDoooo
0000000000 ORTK-GPSO0OO0O0DO0DO0DOOOOOOOOODOOOODODOOOOoOooooOO
ooopoooooooooooo0ooo0obooO0o0oOO000oOO000bOO000O0000000O0
gooobobobooooooooobobobobDobDooDoobobO0obOoboboDobDoooo
goooboboboobooobooooobobobobOoboooooboobobobobOobooooo
ooooooooooooooooooooooO0oo0ooO0oo0oOooO0oo0bOoODooOO00Do0O0000
gooobooooboooooboo,b0ooboboobooo,boobooboo,boobooboo,b00bo
0 Summaryld This paper describes a 3D modeling method for wide area outdoor environ-
ments, which is based on integrating omnidirectional range and color images. In the proposed
method, outdoor scenes can be efficiently digitized by using two omnidirectional sensors; that
is, the omnidirectional color and range images are acquired at the same position to register
both of the images geometrically. In order to register multiple range images correctly, points
on planar regions detected from the range data are used in registration process. Multiple
range images are registered by making the corresponding planes overlap in different range
images. The position and orientation of omnidirectional sensors acquired by a hybrid sensor
consisting of RTK-GPS and gyroscope are used as initial values for registration, and rotations
and translations of whole range data are optimized by registering range data simultaneously.
The 3D model obtained by registration of range data is mapped by textures selected from
omnidirectional color images in consideration of the resolution of texture and occlusions of the
generated model. In experiments, we have carried out 3D modeling of our campus with the
proposed method.

Key words: 3-D modeling, laser rangefinder, omnidirectional range data, omnidirectional

color image, outdoor environment
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Fig.1 Sensor system mounted on a vehicle.
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01 LMS-z360000
Table 1 Specification of LMS-Z360

horizontal: 360°
measurable angle
vertical:  -50°~40°
measurable range 1m~200m
measurement accuracy +12mm
minimum step angle 0.01°
) X horizontal: 0.0025°
maximum resolution
vertical: 0.002°

e ¥
S

E 3 R fe &

02 0OoOOoooo
Fig.2 Omnidirectional range image.
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(a) appearance (b) view volume
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Fig.3 Omnidirectional multi-camera system Lady-
bug.
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Fig.4 Omnidirectional color image.
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Table 3 Accuracy of
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Table 2 Accuracy of

RTK-GPS. gyroscope.
latitude | £3.0cm yaw +2°
longitude | £3.0cm roll | £0.5°
altitude | +4.0cm pitch | +£0.5°

omnidirectional
multi-camera system

Antenna of RTK-GPS

GPS coordinate system
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Fig.5 Relationship among the coordinate systems
of the sensors.

(a) Layout of markers

(b) Laser intensity of markers
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Fig.6 Alignment of rangefinder and gyroscope co-

ordinate systems.
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Qnij

(a) Selection by threshold of an inner product.

Qnij

(b) Selection by existence of an intersection.
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Fig.7 Selection of corresponding plane.
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Fig.8 Deletion of overlapping areas.
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Fig.9 Selection of omnidirectional image in consid-
eration of occlusion.
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Viewpoint of Fig. 11
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Fig.10 Range data acquisition points.
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(a) Integration results using initial values. (b) Results after optimization.

011 00000000000
Fig.11 Reistration results.

012 OO0 cADOOOOOOOO
Fig.12 2D CAD data overlaid on generated 3D model
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(3)
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Fig.13 Generated 3D model with texture
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